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® Treatment of reaction-bonded silicon nitride articles. 

* 

® A reaction-bonded silicon nitride article is pro- 
vided with a vitreous glaze by applying a mixture 
comprising a formulation of :- 
35 to 45% by weight of manganese dioxide, 
20 to 30% by weight of an alumina based composi- 
tion having enhanced firing properties! and 
30 to 40% by weight of silica, 
together with a suitable binder. The applied mixture 
is fired at a temperature in the range 1200°C to 
1350°C. The vitreous glaze softens at a temperature 
above 1000°C, has substantially the same coefficient 
of thermal expansion as silicon nitride, and is strong- 
ly adherent to the article. The vitreous glaze reduces 
the porosity of the reaction-bonded silicon nitride: 
and/or reduces the rate of oxidation of the reaction- 
bonded silicon nitride when heated at a temperature 

I above 1100°C; and/or the treatment is employed to 

"bond together two such glazed articles. 



ui 



BEST AVAILABLE CQPY 



^rax.Copy Centre V 



EP 0 393 332 At 



Treatment of reaction-bonded silicon nitride articles 



This irivention relates to the: treatment of 
reaction-bonded silicon nitride articles, and in par- 
ticular, but not exclusively, either to the treatment 
of such articles to reduce the possible adverse 
effects of their inherent porosity; or to reduce the s 
rate of oxidation of such articles when heated at a 
temperature greater than 1100°C. 

A reaction-bonded silicon nitride article Is ad- 
vantageous because it has only negligible shrink- 
age during the firing step employed in its forma- 10 
tion. 

A reaction-bonded silicon nitride article can 
provide good electrical insulation. However, 
reaction-bonded silicon nitride has a high porosity, 
up4o 20% of its volume comprising voids, enabling 75 
the absorption of water thereby. Such water ab- 
sorption adversely affects the electrical insulation 
provided by the article. 

It is known to impregnate reaction-bonded sili- I 
con nitride articles with a formulation of refractory 20 
metal oxides, inherently stable at temperatures j 
greater than 1000°C, to reduce the porosity of the j 
articles. . ! 

Alternatively, it is known to apply a layer of a j 
suitable sealant to an article of reaction-bonded I25 
silicon nitride, to reduce its porosity. Such a seal- j 
ant may comprise an epoxy resin applied under a ] 
vacuum, but epoxy resins decompose at tempera- 
tures less than 300°C. j 

It is also known to form on an article of -so 
reaction-bonded silicon nitride a vitreous glaze soft- , 
ening at a temperature less than 800°C. Such a 
glaze may be employed as a sealant, to reduce the i 
porosity of the reaction-bonded silicon nitride 'arti- j 
cle. In addition, or alternatively, such a vitreous 35 
glaze, or an epoxy resin, has been employed as an i 
adhesive, in order to bond together at least two 
reaction-bonded silicon nitride articles. • 

Silicon nitride has the low coefficient of thermal 
expansion of 3.1 0*" 6 per degree Kelvin, significantly 40 
lower than the coefficient of thermal expansion of 
many of the known sealants, or adhesives, for a 
reaction-bonded silicon nitride article, and. referred 
to above. These differences between the coefficient j 
of thermal expansion of silicon nitride and of a 45 
known sealant, or adhesive, therefor implies that; if, : 
under normally encountered conditions in the use 
of the articles, the. temperature of the articles is 
above 300°C, a sealant, or adhesive, which does f 
not decompose at such a temperature, tends to -so 
crack, or to become crazed, upon cooling, and so ! 
becomes porous. . 

It is an object of the present invention to pro- 
vide a method of treating an article of reaction- 
bonded silicon nitride, the method comprising for- . 



ming on the article a vitreous glaze which does not 
soften at a temperature below 1000°C, and which 
has a coefficient of thermal expansion, at least 
substantially, of 3.10"" 6 per degree Kelvin. 

According to the present invention a method of 
treating an article of reaction-bonded silicon nitride 
comprises providing a mixture formed from a for- 
mulation of :- . 

35to 45% by weight of manganese dioxide, 
20 to 30% by weight of an alumina based com- 
position having better sintering properties than alu- 
mina alone, and 
30 to 40% by weight of silica, 
together with a suitable binder, applying the mix- 
ture, in any convenient manner, to the surface of 
the article, and firing at a temperature in the range 
1200°C to 1350°C to form a vitreous glaze on the 
article. 

Such a vitreous glaze, provided by a treatment 
of a reaction-bonded silicon nitride article, in accor- 
dance with the present invention, is advantageous 
in that it softens at a temperature above 1000°C, 
and has a coefficient of thermal expansion, at least 
substantially, the same as that of the article. The 
vitreous glaze reduces the porosity of the reaction- 
bonded silicon nitride, and/or reduces the rate of 
oxidation of the reaction-bonded silicon nitride 
when heated at a temperature greater than 1 100°C, 
and/or may be employed as an adhesive between 
two such glazed articles. 

Preferably, the formulation has:- 
39% by weight of manganese dioxide, 
25% by weight of the alumina based composition, 
and 

36% by weight of silica. 

Another aspect of the present invention com- 
prises an article of reaction-bonded silicon nitride 
having a vitreous glaze provided by a treatment 
method referred to above. 

One particular treatment process in accordance 
with the preisent invention will now be described by 
way of example. 



EXAMPLE 



A glaze formulation is prepared, comprising:- 
35 to 45%, and, preferably, 39%, by weight of 
manganese dioxide, 

20 to 30%, and, preferably, 25%, by weight of an 
alumina based: composition having enhanced sin- 
tering properties; and 1 sold under the name ALCOA 
A -1000 SG, and - - • 
30 to 40%, and; preferably, 36%, by weight silica. 
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Typically the alumina" based composition com- 
prtses:- 

99 .7% by weight alumina, 

0.08% by weight sodium monoxide, 

0.02% by weight silica, 

0.02% by weight ferric oxide, . 

0.02% by weightcalcium oxide, 

0.007% by weight boric oxide, arid 

0.05% by weight magnesium oxide 

The density of the unfired composition is 2.14 
grams per miililitre, and its density when fired at a 
temperature of 1540°C for one hour is 3.89 grams 
per miililitre. 

A slurry is obtained by ball milling the formula- 
tion, for 16 hours, with distilled water, and sintered 
silicon nitride acting as a grinding medium. 

The slurry is dried in an oven, at a temperature 
of 100-150°C, and the resulting solid material is 
passed through a 250 micrometre sieve. 

The powder so obtained is stirred into a binder 
to provide a required mixture to be applied to the 
coated article. The binder comprises 5% by weight 
of ethyl cellulose powder dissolved in 95% by 
weight of 2-Ethoxyethanol, using a hot plate and a 
magnetic stirrer, and then cooled. The relative pro- 
portions of the powder, and of the binder, in the 
mixture are predetermined to be suitable for the 
selected method of application of a layer of the 
mixture to a reaction-bonded silicon nitride article. 
If the method of application comprises spraying the 
mixture onto the article, conveniently, the mixture 
comprises 10% by weight of the powder, and 90% 
by weight of the binder. Other possible methods of 
application include brushing, and dipping. The de- 
sired layer of the powder-binder mixture on the 
article may be obtained by successive applications 
of the mixture to the article, each application being 
dried before the next application is made. 

When a layer of the powder-binder mixture has 
been obtained on the reaction-bonded silicon 
nitride article, it is fired at a temperature in the 
range 1200 to 1350°C, in air, and such that the 
temperature rises substantially at a rate of 100°C 
per hour. The mixture does not run in the firing 
• step. 

In this manner a vitreous glaze is provided on 
the surface of the reaction-bonded silicon nitride 
article. The vitreous glaze softens at a temperature 
above 1000°C, and has a coefficient of thermal 
expansion; at least substantially, of 3x10"* per 
degree Kelvin, at least substantially the same as 
the coefficient of thermal expansion of the silicon 
nitride. The vitreous glaze reduces the porosity of 
the reaction-bonded silicon nitride, and adheres 
strongly to the surface of the article. . . 

Conveniently, at least, two reaction-bonded sili- 
con nitride articles may be bonded together by the 
formulations-binder mixture being applied ton their 
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surfaces, and the vitreous glaze being formed on 
the articles by firing, with the articles contiguous 
with each other.. 

It may not be required that the glaze covers 
the whole of the surface of the article. 

In some commercial applications it may be 
required that an article of reaction-bonded silicon 
nitride is subjected to a temperature greater than 
1100°C for a prolonged period, say, of several 
days. Such a condition inevitably causes signifi- 
cant, adverse, oxidation of the article. However, If 
the article is treated in accordance with the present 
invention, and the vitreous glaze referred to above 
is provided thereon, the rate of such undesirable 
oxidation is reduced. 



Claims 

1. A method of treating an article of reaction- 
bonded silicon nitride characterised by providing a 
mixture formed from a formulation of :- 

35 to 45% by weight of manganese dioxide, 
20 to 30% by weight of an alumina based com- 
position having better sintering properties than alu- 
mina alone, and 
30 to 40% by weight of silica, 
together with a suitable binder, applying the mix- 
ture to the surface of the article, and firing at a 
temperature in the range 1200°C to 1350°C to form 
a vitreous glaze on the article. 

2. A method as claimed In ^claim 1 charac- 
terised in that the formulation has:- 

39% by weight of manganese dioxide, 

25% by weight of the alumina based composition, 

and 

36% by weight of silica. , 

3. An article of reaction-bonded silicon nitride 
having a vitreous glaze thereon, characterised in 
that the vitreous glaze is provided by applying to 
the surface of the article, and firing at a tempera- 
ture in the range 1200°C to 1350°C, a mixture 
formed from a formulation of 

35 to 45% by weight of manganese dioxide, 
20 to 30% by weight of an alumina based com- 
position having better sintering properties than alu- 
mina alone, and 
30 to 40% by weight of silica, 
together with a suitable binder. 
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